Background. Demand is growing for comparative data such as Cesarean section rates, but little effort has been made to develop either standardized definitions or risk adjustment approaches.
yield substantial cost savings [5] . A Cesarean section rate has indicators were identical, thus four indicators are compared herein. Measurement systems agreed to participate under high face validity and is considered easy to measure as its determinants can be derived from administrative data. Based the condition of anonymity: therefore, the systems are not specifically identified. The sponsors of these systems included on the premise that release of Cesarean section rate information will help make providers accountable for the quality the United States government, state-hospital associations, and a private system. Each of these systems provided speof care and allow users of information to compare quality and cost across providers, comparative Cesarean section data cifications for their indicator definitions and algorithms. Two of the systems agreed to apply their risk adjustment models has been released by organizations such as the Public Citizen's Health Research Group and the New England HEDIS Co-directly to the study data. Indicator specifications and risk adjustment models used in this study may not be identical alition [6, 7] .
The apparent simplicity of the Cesarean section rate, to those currently used by the measurement system because the systems may have revised their specifications since the however, can be deceptive. Though many performance measurement systems include Cesarean section rates in their study was conducted. list of indicators, there is little consistency across these systems in the specifications of how to calculate the rate. There are Data collection differences in how the population is defined (i.e. who is Indicator specifications from each system were consolidated included and excluded) and in the application of risk adinto a single data collection form with instructions for a data justment methodologies. For example, the overall rate recollection process that would accommodate the analyses ported by the National Center for Health Statistics is not needed for each system. Most of the data elements were risk adjusted. On the other hand, several investigators reavailable from administrative data except for parity and a commend the use of sophisticated risk-adjusted models which history of Cesarean section. Sites were instructed to collect explain a high percentage of the variation in Cesarean section the most recent 200 deliveries, or for sites where fewer than rates using patient factors [8] [9] [10] . Aron et al. have recently 200 deliveries occurred in a year, to collect the total number used a risk adjustment algorithm developed for their study of deliveries over the course of the study year (September to compare hospital performance in a sample of 21 Cleveland 1994 to August 1995). Two sites used a sampling approach area hospitals [10] ; risk adjustment led to marked differences that the project had used in its study of peri-operative in hospital rankings.
mortality. In this approach, all Cesarean section cases were The impact of differing definitions and risk adjustment sampled as was a random sample of non-cases. The sampling strategies on Cesarean section rates has not been formally fractions for non-Cesarean section deliveries were 19% and evaluated. The objective of this study was to determine 68% for the two hospitals. whether Cesarean section rates as defined by different comparative measurement systems would lead to similar rates Data analysis and rankings among hospitals. If currently used definitions are inconsistent, then judgments concerning hospital and Separate programs were written for the indicator algorithms health plan performance may be unreliable based on currently according to the performance measurement system's speavailable measures.
cifications using statistical software (SAS, SAS Institute, Inc., Cary NC, USA). Rates at the hospitals that employed sampling were calculated after weighting records by the inverse of their
Methods
sampling fraction. Unadjusted rates were calculated for each system. The risk This study is part of a ongoing collaboration between the adjusted rate for systems B and D used logistic regression Society for Healthcare Epidemiology of America (SHEA) models to calculate the ratio of the hospital's observed rate and the Joint Commission on Accreditation of Healthcare to the hospital's predicted rate (O/P) multiplied by the overall Organizations intended to support the effective use, de-rate for that system's measure. The system's overall rate was velopment, understanding and continuous improvement of based on the hospitals that routinely provided data to the clinical quality indicators [11, 12] . A mailed survey was sent system, not the hospitals participating in this study. The to a volunteer sample of SHEA hospital epidemiologists in consistency of rankings across systems was assessed using April of 1995 asking which indicator focus areas they would Spearman's rank correlation coefficient. prefer to study based on salience to their institution. Based For unadjusted rates, outlier hospitals were identified after on the results of this survey, three clinical areas were identified: constructing 95% confidence intervals (CI) around the sysCesarean section, peri-operative mortality and mortality after tems average rate. If the hospital's overall rate was outside coronary artery bypass graft surgery. This paper describes the of these limits, the hospital was identified as an outlier. The findings related to the Cesarean section indicators; in-formula used for calculating the 95% CI for proportions (p) formation on the other two clinical areas is forthcoming.
was Before the project began, performance measurement systems with indicators of interest to the study were identified. CI=p± System C, System C has 13-14% fewer cases in the population than other systems. Relatively more Cesarean sections were excluded compared with vaginal births. The net effect was a For adjusted rates, performance measurement systems B and slightly lower Cesarean section rate in System C (20.9% D designated hospitals as outliers as part of their processing overall) compared with the other systems (A, 21.7%; B, of the study data.
21.3%; D, 21.5%) in the subset.
Hospital rates and rank order
Results Table 4 presents the unadjusted Cesarean section rates calCharacteristics of participating hospitals culated using the algorithms specified by the different perFifteen of 26 participating sites gathered Cesarean section formance measurement systems using the same raw data. data. Table 1 shows the demographic characteristics of the Though the systems' rates were correlated with one another participating hospitals. The average hospital size was 537 [all Spearman rank correlations (r s ) between 0.91 and 0.98], beds (SD=262) with only one considered small and most there were differences in rates that could be attributed to considered medium to large. Participating hospitals tended differences in indicator specifications. The last column in the to be larger than the mean for the USA hospital population table shows the maximum percentage difference (MPD) [14] . They also provided more tertiary care; approximately between the system that yields the lowest rate and the one half the hospitals had neonatal intensive care units. The that yields the highest rate. The MPD's ranged from 0 to hospitals were located predominantly in the Eastern and 47.2%; the median was 4.9%. It did not appear that one Southern USA. Two of the hospitals were located overseas. particular system was consistently discrepant with the other systems. The largest MPD's involved System A's indicator Overall system rates three times, System B's indicator twice, and Systems C and D's indicators once each. Each system used a different approach to define Cesarean
The relative rankings of hospitals within indicator systems section rates (see Table 2 ). Systems B, C, D specified the are shown in parentheses in Table 4 . As only 10 hospitals numerator -Cesarean sections -using ICD-9-CM procedure were included in System C, its rankings are not directly codes, while system A used Diagnostic Related Group (DRG) comparable with those of the other systems. When a common categories 370 or 371 only. There was greater variety in the specification of the denominator. System A used the DRGs subset of just these 10 hospitals was examined, System C's ranks were identical to those derived from System D System C, the maximum number of differences in ranks between systems was three (hospitals 111, 115 and 117) and (unadjusted), except that hospitals 106 and 108 were reversed. In general, there was a fair amount of consistency in relative five hospitals were ranked identically across the three systems. Figure 1 shows the comparison of the unadjusted and riskranking of hospitals across indicator systems. Excluding adjustment between the two systems. For example, the hospitals that experienced the biggest change in rank due to risk adjustment in System B were not affected much by risk adjustment in System D. Conversely, the hospital with the largest change in rank in System D was unaffected by adjustment in System B. Table 5 shows which hospitals were identified as low or high outliers on the calculated rates. For two of the four systems (A and B), there was very good consistency in determining outlier status using the unadjusted data. System C flagged two additional hospitals as outliers due to the lower overall Cesarean section rate calculated. System D failed to flag two hospitals that were flagged by systems A and B, and also flagged one of the additional hospitals flagged by system C (hospital 120). More than one-half of the hospitals were flagged by at least one system when using unadjusted data.
Outlier status
Using adjusted data, System B identified two high outliers and three low outliers. Four of these had similar status using unadjusted data, but one hospital (105) was identified as a low outlier only after risk adjustment. The risk-adjusted data for system D flagged four high outliers and no low outliers. Three of the four high outliers had been flagged in the unadjusted data as well. Using risk-adjusted data, Systems B and D identified only two hospitals in common out of the seven flagged by either system. We processed the same data through the numerator and denominator specifications used by five different performance measurement systems. The differences in specifications led adjusted rates for the two systems, B and D, that provided to differences in rates of up to 47.2%. Risk adjustment used risk-adjusted Cesarean section rates. Within systems the by two of the five systems led to larger differences in both adjusted rates were moderately correlated with the unadjusted rates and relative rankings. Risk adjustment did not affect all rates (r s =0.69 and 0.65 for Systems B and D, respectively). hospitals in the same direction or to the same degree. The In both systems, more than 25% of the hospitals changed overall study Cesarean section rate varied between 21.0% at least 4 ranks following adjustment. For System B, two and 25.0%, depending on definition. These rates are slightly hospitals changed 7 ranks and one changed 6. For System higher than the national statistics. The Centers for Disease D, risk adjustment caused one hospital to change 9 ranks Control and Prevention report the national rate for 1995 to and another to change 7 ranks. be 20.8 per 100 deliveries from the 1995 National Hospital Because adjusted rates are calculated relative to the average Discharge Survey [16] . The national rate is based on primary Cesarean section rate for all the hospitals submitting data to medical record abstraction of a nationally representative that system and not to the hospitals in this study, the absolute sample of 29 000 inpatients discharged from 466 participating values of the risk-adjusted rates cannot be strictly compared hospitals. between systems. However, given the similarities in risk
The differences in unadjusted rates can be attributed to adjustment methodologies used by Systems B and D, it is differences in numerator and denominator definitions and to interesting to compare the rankings after risk adjustment differences in coding practices by the individual hospitals. between the two systems. Overall, the adjusted rates from According to the U.S. Department of Health and Humans the two systems were moderately correlated (r s =0.61), but Services, guidelines for coding and reporting using the Interthere was more disparity in relative rankings after risk adnational Classification of Diseases, 9th Revision, Clinical Modification justment than before. Eight hospitals differed by 1 rank or (ICD-9-CM), codes in the chapter 'Complications of Pregless, five hospitals differed by 3-5 ranks and two hospitals nancy, Childbirth and the Puerperium' (630-677) are required differed by 8 or more ranks after risk adjustment. Important inconsistencies were noted in the relative effect of risk for every delivery. A V code for the outcome, V27.0-V27.9, ............................................................................................................................................................................................... should also be included on every maternal record when a system, the specifications for the Cesarean section rate indicator provide different options for identifying the dedelivery has occurred [15] . Our findings, albeit from a small group of hospitals, suggest that this coding convention is nominator population, thus leaving the approach to the discretion of health care organizations. Since the choice of not universally followed.
The disparity between adjusted and unadjusted rates and denominator can lead to noticeable differences in reported rates, consumers and other users of this information cannot resultant rankings was expected and has been observed by others looking at a variety of patient outcomes including be assured of fair, meaningful comparisons.
There remains controversy regarding the scientific validity Cesarean section rates [10] . Iezzoni et al. demonstrated that the application of differing algorithms for risk adjustment and usefulness of report cards in general [23] [24] [25] [26] . One popular feature of many report cards is the identification of statistical also effects rankings [17] [18] [19] . Hartz et al. [20] found that inaccurate coding practices can artificially raise risk-adjusted outliers. The theory behind outliers is that the outlying rates are unlikely to be due to random variation, and therefore mortality rates. Romano and Mark found that errors in the fields of admission source and type biased the estimation of reflect some real difference in practice of the outlying organization compared with other institutions. By implication, risk adjusted mortality more than underreporting of comorbidities [21] . Coding issues are a particular problem for hospitals and the physicians practicing at them are held accountable. Risk adjustment is intended to make this process public hospitals whose reimbursement may be minimally affected by coding practices.
'fairer' by allowing for differences in patient populations that both determine the Cesarean section risk and cannot be The fact that variation in indicator specifications leads to differences in calculated rates suggests that standardization controlled by the organization. In the current study, risk adjustment led to the identification of fewer outliers than of definitions for commonly used performance indicators should be a high priority. To our knowledge, no national did unadjusted rates. However, there were inconsistencies between the hospitals flagged by the two risk-adjusted instandardized specifications for calculating a Cesarean section rate exist. The National Center for Health Statistics reports dicators.
The findings of this project also demonstrate that the their methodology for calculating Cesarean section rates as including procedure codes 74.0-74.2, 74.4 and 74.99 in the decision to compare performance based on outliers as opposed to rankings will affect the judgments about hospital numerator and the denominator as V27.0-V27.9, though the codes and algorithm have not been widely distributed to date performance. The use of statistically significant outlier status is affected both by sample size and by effect size (e.g. how [22] .
The need for standardization is even more urgent when different the rate was from the overall mean). Rankings, on the other hand, may overestimate the magnitude of differences one realizes that current clinical performance comparisons are based on any number of definitions of Cesarean section between organizations. and 9 with a difference in rank of 3 but a difference in rate that the data came from a relatively small number of hospitals.
Differences among hospitals in data collection procedures of 0.5.
It is important to remember that this study was not may have affected indicator rates. Future studies should evaluate the additional contribution to the indicator variation designed to judge the participating performance measurement systems, their indicators or the hospitals participating in the introduced by data collection practices.
This study focused on variation in indicator specifications, study. Since there are no consensus-based external criteria for the validity of indicators or performance measurement but there are many other factors that influence a given indicator rate. These include organization-related factors (e.g. systems, one cannot conclude that one indicator is superior to another (except perhaps, to the extent that one is more equipment, systems of care, practitioner skill, completeness and accuracy of data collection) and external factors such as in concert with coding guidelines) or that certain hospitals were good or poor performers. The data further suggest that severity of illness and random variation (Figure 2 ). For an indicator to be a useful guide in quality improvement activities, using an 'outlier' criteria based on unadjusted data may be of little use in identifying improvement opportunities. Thus, it must reliably index organizational factors, i.e. those that can be controlled by the organizations being compared. the findings support the need for additional research and consensus on criteria for establishing the validity of indicators Additional research needs to be done to examine both the organizational factors and external factors that influence in order to judge which measures are best. For example, a study could be designed to test which indicator specifications Cesarean section rates.
In summary, there is a need for standardization of the best identify organizations or individual patient records in which the care needs to be improved. This may be where specifications for calculating Cesarean section rates, particularly when these rates are used for comparative purposes. the benefits of risk adjustment on patient factors are most apparent, e.g. not flagging cases which received appropriate It is essential to define carefully how to identify cases for the numerator and denominator and whether or not risk care or those in which practitioners and organizations could not have influenced the mode of delivery. adjustment is required. If risk adjustment is required, it will be important to establish which factors are appropriate to Strengths of this demonstration project include the involvement of hospital epidemiologists in the data collection include in risk adjustment models. Despite the inconsistencies between measurement systems demonstrated here, the inprocess and the variety of hospital sizes and locations included. This study is unique in being able to disentangle dicators as currently defined may well be useful to organizations for monitoring and improving their own differences due to indicator definition versus those due to risk adjustment. A limitation of the project includes the fact performance over time [27] . 
